Computer programs for the analysis of data from techniques frequently used in nucleic acids research are described. In addition to calculating non-linear least-squares solutions to equations describing these systems, the programs allow for data editing, normalization, plotting and storage, and are flexible and simple to use.
The increasing complexity and volume of data being generated in biochemical and biophysical experimentation, and the proliferation of mini-computer systems, has created a need for portable, interactive data storage and analysis programs. This paper describes non-linear least-squares fitting programs which have been used for the analysis of data from gel electrophoresis (1) (2) (3) (4) , DNA-DNA and RNA-DNA hybridization (5) (6) (7) , and DNA. chromatin and protein-DNA thermal denaturation (8) (9) (10) . These programs have been implemented on a PDP-11 mini-computer system, and are written in FORTRAN for ease of transfer to other computer systems. The programs require approximately 16,000 16-bit words of memory and a disk mass storage device (such as flexible disk). Mini-computers capable of running this data analysis system are currently available for less than $5,000.
In this paper we will first describe three different programs in the package, and then discuss the reliability and significance of the parameter estimates calculated by the programs.
PROGRAM
The three programs in the least-squares fitting package are COTFIT, for analysis of nucleic acid hybridization and denaturation data, GELFIT, for determination of the positions and areas of Gaussian curves fit to gel electrophoresi3 data, and MELSMR, for removal of noise from closely-spaced data. These programs use a common data file format, which allows interaction of the various programs for uses other than those described above.
For example, CsCl density gradient data could be entered with COTFIT, smoothed with MELSMR, and then analyzed with GELFIT. COTFIT COTFIT is a non-linear least-squares fitting program developed from the NNNBAT program described by Pearson, Davidson and Britten (11) , which was in turn based on the FINGER program of Britten, Graham and Neufeld (12) . The program accepts English commands to control data entry and fitting.
Data may be read from disk files or entered at the terminal. In addition to least-squares fitting, COTFIT provides general facilities for entering and editing data, and offers a variety of options for plotting and printing the curves calculated from the data.
Initial parameter estimates are improved by a modification of tne method of Marquardt (13) . Parameter values which would produce undefined function values are detected without causing arithmetic errors.
This enables the fitting routine to try a broad range of possible parameter values without causing program termination.
As an additional option, files containing function values (with or without specified errors in the parameters) over a given interval can be generated. This feature is useful for displaying the functions under various conditions. 
where H is the hyperchromicity at temperature T. I is the initial hyperchromicity, m is the number of components, Fi, Tmi, and Si are the hyperchromicity, transition midpoint and transition width (equivalent to the standard deviation of a Gaussian curve) of component i. The function is a normalized form of the error function, which is the integral of the Gaussian distribution. The program uses a polynomial approximation to this integral (14) . The addition of this function allows direct fitting of thermal denaturation data, as opposed to the more common use of the Gaussian function to fit derivatized data. Although the two methods are theoretically Identical, in practice the new approach eliminates errors introduced by the derivatization and smoothing process, and requires significantly fewer data points to determine component parameters. This is especially useful for analyzing DNA melts assayed by hydroxyapatite or filter binding (R.B.
Wallace, G. Schaeffer, T. Hirose, K. Itakura, R.F.
Murphy and J. Bonner, submitted to Nucleic Acids Res). GELFIT
The GELFIT program uses a set of commands which is compatible with that of the COTFIT program, and fits Gaussian curves to integer data with evenly-incremented X values. The program can calculate the molecular weight of the species in a given band using a polynomial approximation to standards data specified by the user.
The simplicity of the function being fitted allows the program to make initial estimates of the number and position of the bands in a given gel, and then proceed with fitting. The restriction to Y-only integer data was added to minimize data storage space and computation time in view of the large numbers of data points commonly collected during gel scanning in our laboratory.
The fitting method is similar to that used by COTFIT. In order to reduce program size, a band matrix (15) is used in place of the symmetric triangular matrix COTFIT uses. The number of adjacent curves whose values are allowed to affect an individual curve's parameter estimates can be adjusted at run-time by the user.
MELSMR
The MELSMR program smoothes and/or derivatizes data having a constant X increment between points using the method of Savitzky and Golay (16) (17) (18) . The degree to which the data are smoothed is controlled by the user. Digital data which has been collected from instruments such as spectrophotometers frequently contain fluctuations in the less significant digits. MELSMR provides a means of reducing or eliminating this noise.
While these programs can significantly shorten the time required to analyze gel and melt data, and are essential for accurate measurement of nucleic acid hybridization rates and component amounts, the significance of the calculated parameter estimates must not be overestimated.
This section addresses three issues encountered in fitting nucleic acid data with least squares programs: 1) Tne significance of the exponent in S1 nuclease-assayed reassociation data analysis; 2) the effect of using equation (1) (20) have analyzed the kinetics of DNA-DNA reassociation assayed by the single-strand-specific S1 nuclease of AsELSCSiHua QCXaafi. They concluded that data from S1 nuclease assayed renaturations were best fit using the equation §-= (1 + kCot)" n (2) Co where S is the S1 nuclease sensitive (single stranded) DNA NT concentration, Co is the total DNA NT concentration, t is time, k is the rate constant which would be observed if the reaction were assayed on HAP, and n was found to be 0.41 (19) sheared to 300-400 nucleotides. The first values are with n fixed, the second with n allowed to vary. 1000-2200 nucleotides (7). RSA=rat serum albumin. AFP=alpha feto-protein.
N. = number of points. +++ %E = root mean square error (RMS) divided by data mean. (20) observed that while no simple physical meaning can be associated with the exponent n, equation (2) is useful for data reduction.
Smith, Britten and Davidson
For incomplete reactions, or reactions consisting of multiple components, COTFIT uses the DIGEST function
where U is tne fraction unreacted (single-stranded) at infinite time, m is the number of components, and Fi and Ki are the fraction and rate for component i. Table 1 contains the best-fit parameters of this function for the data of Sala-Trepat et al (6) when the exponent n is fixed at 0.44 or allowed to vary. The unfixed exponents vary from 0.745 to 1.
This shift toward second-order kinetics may be due to either the different driver and tracer lengths used, or to the interrupted nature of the to 15-point cubic-quartic absorbance data (using GELFIT). equation (1) Since many estimates of chromatin and DNA melting component parameters have been made by fitting Gaussian curves to derivatized data, we have compared this method to the use of the COTFIT MELTFN function. Data from our previously published melts of various chromatin and nucleosome samples (8) , which had been derivatized with MELSMR and fit with GELFIT, were re-fit using COTFIT. As Table 2 shows, the two methods yield similar results, the Tm's differing by an average of only 2%. However, COTFIT yields an average error almost five times lower than that produced by GELFIT. Thus, although the MELSMR/GELFIT method has the advantage of ease of visual interpretation of plots, the COTFIT method produces more accurate parameter estimates. Table 4 ). c. To test the reproducibility of this function, data from melts of rat liver chromatln, rat liver DNA, and synthetic oligonucleotides were fit using COTFIT (Tables 3 and 4 and Figure  1 ).
The rat liver chromatln and DNA melts are of different sample preparations, and the oligonucleotide melts are of different samples from the same preparation. All melts were from separate runs.
Some fluctuations in Tm resulting from differences in buffer concentration can be seen for the 0.25 mM EDTA melts, but the standard deviation in Tm is still less than 10%.
The deviations for the other melts are much smaller.
The closeness of the data and fit is in accordance with the shape predicted by theoretical treatments of nucleic acid melting (21) (22) (23) (24) , although there is no immediate correlation between the parameters of equation (1) and the physical parameters of the system. The agreement of the rat DNA melt data with equation (1) is probably due to the variation in nucleotide composition of rat DNA, and a resulting combination of a Gaussian distribution of small transitions (25) . Deviations from the fitted curve are more apparent for the oligonucleotide melts, as might be expected.
In light of the ease of estimation of the parameters of equation (1), our results lend support to its use in fitting nucleic acid thermal denaturation data, especially for comparative purposes.
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We have described a set of flexible, interactive programs for the analysis and storage of biochemical data. The ability of the programs to accept English commands and prompt the operator for needed information allows even an inexperienced computer user to analyze a reassociation curve or gel profile in under an hour. In addition to the analysis of data from nucleic acid hybridization, thermal denaturation, and gel electrophoresis (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) , the programs may be used for a number of other applications, 3uch as resolution of components in velocity and equilibrium density gradients and the determination of rate constants for enzyme reactions.
The programs also provide a framework for the development of other data analysis systems.
The programs described in this paper are available from the authors on a variety of machine-readable media.
